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BECs from dermal microvascular endothelial cell suspensions
by multicolor flow cytometry. Both endothelial cell types were
propagated and stably expressed VE-cadherin, CD31, and von
Willebrand factor. Molecules selectively displayed by LECs
in vivo, i.e., podoplanin, the hyaluronate receptor LYVE-1,
and the vascular endothelial cell growth factor (VEGF)-C re-
ceptor, Flt-4/VEGFR-3, were strongly expressed by expanded
LECs, but not BECs. Conversely, BECs but not LECs expressed
VEGF-C. This endothelial cell specialization extends to the se-
cretion of biologically relevant chemotactic factors. LECs, but
not BECs, constitutively secrete the CCR7 ligand SLC/CCL21
at their basal side, while both subsets, upon activation, release
MIP-3a/CCL20 apically. Renal transplant rejection is caused
by a lymphocyte rich inflammatory infiltrate that attacks corti-
cal tubules and endothelial cells. Immunosupressive therapy re-
duces the number of infiltrating cells; however, their exit routes
are not known. Here we demonstrate by immunohistochemistry
on human renal transplant biopsies, a >50-fold increase of lym-
phatic vessel density over normal kidneys in grafts with nodu-
lar mononuclear infiltrates, using antibodies to the lymphatic
endothelial marker protein podoplanin. Nodular infiltrates are
constantly associated with newly formed, Ki-67 expressing lym-
phatic vessels and contain the entire repertoire of T and B
lymphocytes to provide specific cellular and humoral alloanti-
genic immune responses, including Ki-67+, CD4+, and CD8+ T
lymphocytes, S100+ dendritic cells, as well as Ki-67+ CD20+ B
lymphocytes and k and j chain expressing plasmacytoid cells.
Numerous chemokine receptor CCR7+ cells within the nodu-
lar infiltrates are apparently attracted by secondary lymphatic
chemokine (SLC/CCL21) that is produced and released by lym-
phatic endothelial cells in a complex with podoplanin. Thus,
lymphatic neoangiogenesis contributes not only to the export
of the rejection infiltrate, but is also involved in the maintenance
of a potentially detrimental alloreactive immune response in re-
nal transplants, and provides a novel therapeutic target.
Corresponding author: Dontscho Kerjaschki, Clinical Institute of
Pathology, Medical University of Vienna, Waehringer Guertel 18-20,
A-1090, Vienna, Austria.
E-mail: dontscho.kerjaschki@meduniwien.ac.at
Molecular and genetic analyses
of renal capillary development:
Studying the angiopoietin/Tie
axis
ADRIAN S. WOOLF
Nephro-Urology Unit, Institute of Child Health, London,
United Kingdom
We postulated that endothelial precursors present at the in-
ception of nephrogenesis differentiate into capillaries when ex-
perimental conditions resemble those found in vivo [Loughna
S, Hardman P, Landels E, et al: A molecular and genetic anal-
ysis of renal glomerular capillary development. Angiogenesis
1:84–101, 1997; Loughna S, Yuan HT, Woolf AS: Effects of
oxygen on vascular patterning in Tie1/LacZ metanephric kid-
neys in vitro. Biochem Biophys Res Commun 247:361–366,
1998]. At the start of nephrogenesis, mesenchyme contains no
capillaries, yet we detected vascular endothelial growth fac-
tor in uninduced mouse embryonic (E) day E11 metanephric
mesenchyme; receptor tyrosine kinase markers characteris-
tic of endothelial precursors [vascular endothelial cell growth
factor receptor (VEGFR) and Tie] were also expressed. We
explanted day E13 Tie-1/LacZ metanephroi when nephron
precursors are surrounded by reporter gene-expressing cells
but glomeruli are not yet formed. In serum-free culture in
normoxia, avascular glomeruli developed but existing vessels
regressed. In hypoxia, however, transgene-expressing cells be-
tween nascent tubules formed large masses with poorly devel-
oped lumens; these resembled blood islands in yolk sac which
arise by vasculogenesis. Glomeruli differentiating in hypoxia
were devoid of capillaries but, when we transplanted Tie-1/LacZ
E11 metanephroi into nephrogenic cortex of wild-type mice, a
milieu permissive for differentiation of metanephric rudiments,
transgene-expressing capillary loops formed in glomeruli. These
experiments support an in situ origin of renal endothelia. We
speculate that metanephroi are hypoxic in vivo to permit vascu-
logenesis; however, other, yet to be defined, cues are required
for normal microcirculation patterning. Angiopoietin-1 (Ang-
1) stimulates vascular network differentiation through Tie-2,
while Ang-2 modulates this activation. At day E14, the forming
metanephric artery expresses Ang-2; in neonates, expression
was maintained in renal artery branches and smaller corti-
cal vessels; differentiating mesangial cells transiently expressed
Ang-2 [Yuan H-T, Suri C, Landon DN, et al: Angiopoietin-2
is a site specific factor in differentiation of mouse renal vas-
culature. J Am Soc Nephrol 11:1055–1066, 2000]. In the first
postnatal weeks there was a lineage-switch of Ang-2 expres-
sion from vessels to epithelia (especially thin descending limb
of loops of Henle). Because Tie-2 is widely-expressed by dif-
ferentiating renal endothelia, we hypothesized that Ang-2 defi-
ciency would disrupt kidney vessel patterning [Pitera JE, Woolf
AS, Gale NW, et al: Dysmorphogenesis of kidney cortical per-
itubular capillaries in angiopoietin-2 deficient mice. Am J Pathol
165:1895–1906, 2004]. The normal renal cortical peritubular
space contains fenestrated capillaries with few pericytes; they
receive water and solutes which proximal tubules reclaim from
the glomerular filtrate. In Ang-2 null mutants, pericyte-markers
[a-smooth muscle actin (a-SMA), neural/glial cell 2 chondroitin
sulfate proteoglycan (NG2), platelet-derived growth factor re-
ceptor b (PDGFRb), and desmin] were up-regulated in cortical
peritubular locations near to CD31/Tie-2 expressing capillaries.
Total and tyrosine-phosphorylated Tie-2 increased in null mu-
tant kidneys, and electron microscopy confirmed disorganized
capillaries. Hence, Ang-2 deficiency causes dysmorphogenesis
of cortical peritubular capillaries, with adjacent cells expressing
pericyte-like markers; the latter effect may be caused by dis-
turbed paracrine signaling between endothelia and surrounding
mesenchymal precursor cells.
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